This paper examines the effects of birth order on the child labor incidence and school attendance of Brazilian children. Evidence from the psychology and sociology literature suggests that earlier-born children tend to have higher innate abilities. The economic implications of these findings are that earlier-born children may have more intra-household resources directed to them when they are young, and better outcomes as adults in areas such as education and earnings. However, in the context of child labor, the effects of birth order can be confounded by the fact that earlier born children are able to command higher wages than their younger siblings. Also, in the presence of capital constraints, poor families may not be able to afford to send their earlier born children to school, but may be able to send their later-born children due to the income earned by their older siblings. This paper presents both a theoretical discussion and an empirical investigation of the relationship between birth order and child labor. The results from the empirical investigation show that, in fact, male firstborn children are less likely to attend school than their later born siblings and that male last-born children are less likely to work as child laborers than their earlier born siblings. For female children, first-borns are less likely to go to school than their later born counterparts. These findings are intriguing as they run counter to the received wisdom of the effects of birth order, but make sense when considering the child labor decision of poor families in the face of capital constraints.
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Birth Order, Child Labor and School Attendance in Brazil
Economists have become increasingly aware of the role that birth order plays in the intra-household investments in, and outcomes of, children. This awareness was prompted by the findings of psychologists and sociologists (e.g. Zajonc, 1976; Zajonc and Markus, 1975) that suggest that birth order has significant impacts on children's innate abilities and endowments, for example, on intelligence. Specifically, the near-consensus is that first-born children have higher IQ's and cognitive abilities than their later-born siblings. A number of previous economic studies have focused on either the outcomes of children as a function of birth order (e.g., Birdsall (1991) , Kessler (1991) and Behrman and Taubman (1986) ) or on the intra-household allocation of resources to children as a function of birth order (e.g., Behrman, (1988) and Horton (1988) ). In both cases, the implication from the psychological and sociological literature is that outcomes and investments will be higher for earlier born children. This is because children with higher endowments of innate abilities should both fare better in school and subsequently in the adult labor market. Higher ability children may also have a greater amount of resources directed toward them by families who are inclined to invest in children with the highest potential return. The bulk of the evidence from the received literature points to significant birth order effects in both outcomes and allocations, although a few studies have failed to find significant effects (e.g. Kessler (1991) ). The outcome studies have focused mainly on the U.S., while the allocation studies have focused mainly on developing countries. What this paper argues is that it is reasonable to expect birth order effects to be opposite when families are forced by poverty and capital constraints to send some or all of their children to work in the labor market.
The proposition that birth order effects may be different in the child labor context stems from the recent child labor literature, starting with Basu and Van (1998) , which emphasizes the fact that child labor is most frequently a result of familial poverty, which forces parents to send their children to the labor market.
1 If this is an accurate description, then there may be a number of factors that determine which children a family chooses to send to the labor market and which children they choose to keep in school. Birth order is potentially one of these factors. The fact that earlier born children may have higher innate abilities may mean that their return to education is greater than that of later born children which might lead to the decision to withhold them from the labor market. This would be consistent with the previous literature on birth order effects. On the other hand, these same abilities may mean that they are able to command higher wages as children on the labor market than their later born siblings and thus are more likely to be sent to work as children.
Also, older children can command higher wages than younger children, this also could lead to earlier born children being sent to work rather than their later born siblings. As working as a child laborer has a negative effect on educational achievement and adult wages (see Emerson and Portela Souza, 2002) , these last two implications are in contrast to the earlier work in birth order that suggests that earlier born children are likely to have better outcomes than later born children. Thus, when examined in a developing country context, where child labor is widespread, the effects of birth order may be distinctly different than has been previously assumed.
One of the challenges to all studies of birth order, including the present study, is disentangling the effects of family size. Family size has been found to have negative developmental effects likely due to the fact that family resources are spread more thinly the larger the family (see, e.g., Hanushek, 1992; Becker and Tomes, 1976; and Becker and Lewis 1973) . The size of the family may also be an important factor in the labor force participation and school attendance of children. It may be that larger families increase the likelihood of the household being impoverished and thus large families are more likely to need the additional income a child who works in the labor market can provide. Or it may be that families increase the number of children they bear as a response to poverty so that the family's income may be supplemented by sending some children to work or having them provide labor within the household (or family farm). Either way, the additional income brought in by their offspring may allow families to invest in select children's education. This selection may depend on both the size of the family and the birth order of the child.
This paper builds a model of the birth order and child labor choice and examines the implications of this model empirically using household survey data from Brazil. 2 Due to the fact that older children have higher earnings abilities, it is shown that it is just as reasonable to expect that earlier born children are more likely to work (and less likely to go to school) than are later born children as it is to expect the opposite. Thus, how birth order affects the child labor incidence and schooling of children in developing countries is an empirical issue.
The empirical findings show that sons who are the first-born in their families are more likely to work and less likely to go to school than later born sons, while daughters who are the first-born are less likely to go to school than later born daughters. These results hold when controlling for family size, looking only at completed families and looking only at completed families of a certain size. These results suggest that in developing countries 2 Empirical studies of child labor have emphasized distinct dimensions of child labor such as poverty, family size, parent's bargaining power or social norms on the child's time allocation decisions (e.g., Emerson and Portela Souza, 2002, 2001; Freije and Lopez-Calva, 2001; Grotaert and Patrinos, 1999) . However, the empirical relation between birth order, child labor, and school attendance has not been explored.
where child labor is widespread, birth order effects on children's outcomes may be opposite those in developed countries.
The paper proceeds as follows. The model of child labor and birth order is presented in Section II. The data used in the empirical investigation is discussed in Section III. The results of the empirical investigation are presented in Section IV. A discussion of the results and their implications is presented in the concluding section, Section V.
II. A Model of Birth Order and Child Labor
One well established finding in studies of child labor is that the older the child, the higher his or her wage. 3 Older children are presumably more productive, more reliable and better able to perform more complex tasks. The fact that a child laborer's wage in the labor market is positively related to the child's age is an important factor in the effects of birthorder on the child labor and schooling decisions of a family. Specifically, if families send their children to work for subsistence reasons, they may choose to send their older children to the labor market first, where they can command relatively higher wages than their younger siblings. A simple model of a household's decision to send some children to work and others to school, that takes into account the fact that older children may have higher genetic endowments but may also command higher wages, is presented below.
It should be noted at the outset that here are other factors that can influence a family's decision to send a child to work that could be correlated with birth order, perhaps the most obvious being the sequence of births. For example, a poor family may wish to send their first-born to school but may not be able to do so due to financial constraints. Once that child is working, however, the income they he or she provides may allow the family to send the next child to school. The model we present below is static and abstracts from this consideration in order to present as simple a model as possible with which to illustrate the point that net birth order effects are indeterminate in the child labor context. A multiple period model would, in our opinion, illustrate the same point but with an unnecessary amount of complication.
Consider a framework similar to the unitary family model a là Becker (1982) where households consist of one adult (or two parents with a single utility function) and several children where fertility decisions are exogenous. 4 The adult values the family's current consumption and each child's human capital attainment. The children in the household can go to school full-time, go to work in the labor market full-time, or spend some time in both activities. Children who work do not attain as much education as those who do not. The amount of schooling a child receives determines his or her wage as an adult. Therefore, the amount of labor income the adults bring into the household depends on how much schooling they received as children. Thus parents who were child laborers command lower wages and are more likely to demand their children work to supplement the family income.
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Consider a general household's utility maximization problem:
Subject to the budget constraint:
Where U is the household's strictly concave utility function, c is the total consumption of the household, h j is the child's j human capital attainment when he or she reaches adulthood, w a is the adult's wage, w j is child j's wage, and e j is child j's time spent in school. Without loss of generality we will label each child in the family, j = 1,…, J, according to their birth order.
Therefore, child 1 (j=1) will be the first-born child, child 2 (j=2) the second-born and so on.
We will also exclude to possibility of multiple birth pregnancies (i.e. no twins, triplets, etc.)
We assume each agent is endowed with one unit of time and adults supply labor inelastically. Thus, for child j, the time spent working is 1 -e j . We also assume that the Additionally, we assume that utility is monotonically increasing in consumption, so non-satiation applies and that a capital market does not exist. With these assumptions in 5 This is similar to the child labor trap model in Emerson and Portela Souza, 2002. 6 We could also assume that this wage is a function of the child's human capital as well, which would make the birth order effect on wages indeterminate. As our goal is simply to show that birth order effects may be opposite that which is commonly expected, we choose to consider wages as a function of age only. 7 This assumes, of course, that the wage rate is unaffected by the supply of skilled labor. This is a strong assumption but the essential results would not change if we made the wage a function of skilled labor supply.
place, we can substitute the constraints into the objective function (1) and derive the household's problem:
If we assume an interior solution (e j > 0, for all j), we can derive the first order conditions. 8 For each child j, the first order condition is:
Note that the first order condition representing the marginal utility of increasing child's j schooling has two elements. The first one represents the loss on family's utility due to the foregone income of child j. The second one is the gain in utility due to the increase of human capital of the child, which the adult cares about.
Deriving the first order condition for each child, gives us a system of J equations and J unknowns. Assuming the utility function is well-behaved, the optimal solution to this problem is a vector of education levels for each child in the household that solve the J first order conditions, e* = (e 1 *,…, e J *), where:
Of course, the child labor function is just 1 -e*. Note that, ceteris paribus, the higher the adult's human capital, the lower the amount of time spent working for child j.
Also, the older the child, the greater the amount of time spent working for child j.
Now we turn to the birth-order effects on child labor within a family. The relative amount of schooling (or child labor) the family will allocate for each child is given by the condition:
That is, the family allocates time spend in school across children such that the ratios of the marginal utility of the child's wage rate to the marginal utility of the child's marginal gain in human capital are equal for all children. In this case, the birth-order effect on child labor and school attendance will depend on the marginal effect of schooling on the human capital accumulation of the child, and will also depend on how additional human capital effects the adult's utility function. Depending on these effects, older children may be more or less likely to work in the labor market. This also shows that the age difference between siblings may also matter.
If the parental utility function is concave on child's human capital and child's human capital is concave on schooling, as assumed, and if both children have the same ability to generate human capital for all levels of schooling,
, then the family will allocate relatively more child labor and less schooling to the older child. On the other hand, if the older child has higher ability such that
for all e, it may be the case that the family will invest relative more schooling to the oldest child and allocate relative more child labor to the younger one. In other words, the birth-order effect will depend on parental preferences, the children's human capital accumulation technology, and the difference in the wage rate.
As an illustrative example, assume the utility function is additively separable in income and children's human capital and that each child faces the same human capital function that is concave in schooling. Thus the household's problem becomes:
Again, if we assume an interior solution for all e j , the family will allocate schooling time to their children such that
. Clearly under these assumptions the younger the child, the more likely to attend school (and less likely to work).
Since the net effect of birth order depends on the relative magnitudes of the different countervailing forces in the model, the actual effect is an empirical issue. If the gain from the higher wages commanded by older children outweigh the potentially relatively higher returns to schooling due to higher genetic endowments, then we should expect that earlier born children are more likely to work as child laborers and less likely to attend school than later born children. If the opposite is true than we should expect that later born children are more likely to work as child laborers and less likely to attend school than earlier born children.
We search for empirical regularities of birth order effects on child labor and school attendance in Section IV. First, however, we describe the data used in our analysis and our sample selection criteria in the next section.
III. Data Set and Sample Selection
The data used in the empirical analysis come from the 1998 Pesquisa Nacional por
Amostragem a Domicílio (PNAD) from Instituto Brasileiro de Geografia e Estatística
(IBGE), the Brazilian census bureau. The PNAD is a yearly and nationally representative household survey similar to the Current Population Survey in the U.S. It covers close to one hundred thousand households and includes information on the demographic and labor market characteristics of the households. Unlike most other years, the 1998 PNAD includes information on the labor market activities of all children in a household who are at least five years of age.
Our sample consists of all sons and daughters who are between five and sixteen years of age and live in a two-parent family. Therefore, we exclude all children younger than five and older than sixteen as well as all children from single head families. 9 We exclude older children because Brazilian legislation allows them to participate in the labor market but precludes sixteen year old children or younger to work in the labor market. Moreover, we exclude single head families since the decision to send children to the labor market may be fundamentally different for single head households than two-parent households. Our sample, therefore, consists of 32,213 sons and 30,365 daughters. The basic statistics are presented in Table A1 of the Appendix.
We will also use two alternative samples to check the robustness of the results. As the potential endogeneity of fertility decisions may bias the estimation of the birth order effects, we check the robustness of the results by first comparing children living in completed families only. For this purpose we use a sub-sample of all children belonging to families where their mothers are forty years old or older who are unlikely to still be making fertility decisions. However, past fertility decisions are related to current family size and may, in turn, be correlated with the time allocation decisions for the children. For this reason we also construct another sub-sample of all children from families where there are exactly three siblings. We choose three children families to provide an adequate sample size as the mean number of children in the data set is 3, as well as to make the analysis of the first-and lastborn coefficients relative to second-born children, which is helpful. Finally, as parents from completed families with the same number of siblings are more likely to have faced similar constraints and/or have had a similar set of preferences, we construct a sub-sample that includes all children from families where their mothers are forty years old or older and where there are exactly three siblings.
IV. Empirical Results
A child in our sample is assumed to allocate his or her time among many activities.
Chief among these activities are working as child laborer in the labor market (including work done on the family farm) and attending school. A child is defined to be a laborer if he or she works strictly positive hours in the labor market. 10 Table 1 presents the time allocation figures under this definition of child labor for male and female children, separately. Most of the children in the sample attend school and there is not much gender difference. More than 88 percent of male children attend school and more than 90 percent of female children go to school. However, a greater proportion of male children work in the labor market.
Specifically, more than 14 percent of male children work in the labor market whereas less 12 than 8 percent of female children participate in the labor market. For both males and females that are child laborers, more than 80 percent attend school as well.
In order to capture the birth order effect on the time allocation of the children, we estimate a series of bivariate probit models of the child labor and school attendance decisions of households with at least one child in the age range of 5 to 16 years old. We start by using an unrestricted sample of all households with a child in this age range. We then restrict the sample to include only those households where the mother is 40 or over in an attempt to look at only completed families, or those families who are no longer making fertility decisions. In an attempt to compare families that are likely to have made the same fertility decision we also use a sample of families with exactly three children. Finally, we restrict the sample further to include only those families with mothers 40 or over and with exactly three children. The goal of this last restriction is to, first, condition on those that are likely to have completed their child-bearing and, second, minimize possible bias due to the potential endogeneity of family size in the previous two regressions.
The dependent variables in all regressions are a child labor indicator variable that equals one if a child works strictly positive hours in the labor market and a school attendance indicator variable that equals one if a child goes to school. We construct two birth order variables: The first is an indicator variable that equals one if the child is the first-born child in the family. The second is an indicator variable that equals one if the child is the last-born child in the family. 11 We also construct a variable that equals the age difference between the observed child and the first-born in the family, and another that equals the age difference between the observed child and the last-born in the family, as the theoretical model suggests addition, we construct an indicator variable that equals one if the first-born child in the family is female as it may matter, for example, if a second-born male child's older sibling is male or female. Additional controls included are the child's age, the child's race, the father's and the mother's schooling, the father's and the mother's age and an indicator variable that equals one if the household is in a rural area. For the first two estimations, we include a variable that equals the number of children in the family. Finally, we estimate the birth order effects for sons and daughters separately as the work that male and female children are expected to do as well as their duties within the household may be quite different.
Tables 2 through 5 present the birth order results for the unrestricted sample, the sample with only those households where the mother is 40 and over, the sample with all families with exactly three children, and the sample for those households where the mother is 40 and over and that have exactly three children, respectively. In each table, the first and third columns present the coefficients for child labor and school attendance for male children, and the fifth and seventh columns show the results for child labor and school attendance for female children. Table 2 presents the coefficient estimates for the unrestricted sample. For male children, those that were born last are less likely to work, and those that were born first are less likely to go to school. For females, first-born children are less likely to attend school, but no more or less likely to work than their middle-born counterparts. Note that we are controlling for the age of the child so it is not age difference between observations that is 11 To be precise, the first-born and last-born indicator variables refer to the oldest and youngest children living in the same household at the time of the survey since the information in the PNAD on family composition are obtained from those living in the same household. 12 One of these will equal zero if the child happens to be the first-or last-born child in the family.
driving these results. The indicator for the oldest child being female is positive and significant for the male schooling equation. The child's age and the education of the father and mother are all significant as are the rural and non-white (except for male school) indicator variables. The age of the father has no effect on any of the categories and the age of the mother is negative and significant for the male child's propensity to work. Note that the family size variable is highly significant for all categories and the results are consistent: a larger family means a higher probability to work and lower probability to go to school for both male and female children.
When the sample is restricted to include only those with mothers who are 40 years old or older, the main results, presented in Table 3 , are unchanged. Note also that the nonwhite indicator variable is no longer significant in any category. The female oldest child indicator variable is now positive and significant for the female schooling equation. The age of the mother is now no longer significant for the male work equation. Another interesting difference is that the family size variable is no longer significant for the male and female work equations.
When the sample is restricted to include only those families with exactly three children, the main results, presented in Table 4 , are again the same as in Table 2 , except for the coefficient on first-born male's school attendance, which is still negative but no longer significant. Note that again, the non-white indicator variable is no longer significant in any category. The female oldest child indicator variable is now not significant for the male schooling equation. The age of the mother is again no longer significant for the male work equation but is positive and significant for the male school attendance equation.
Finally, Table 5 presents the coefficient estimates for the sample restricted to just those families where the mother is 40 years old or older and who have exactly 3 children.
This last restriction is, again, to minimize possible bias due to the potential endogeneity of the family size variable in the previous two regression estimations. In this case, last-born male children are still less likely to work than are their first-and middle-born siblings, but first-born male children are, as in Table 4 , no less likely to attend school. Also, in contrast with the previous results, first-born females are now no less likely to attend school, although the coefficient is still negative. The loss of the significance in the estimation of the first-born coefficients is not surprising considering the way the sample is restricted, this leaves us with very few first-born children that we observe (i.e. in the 5 to 16 age range). In other words, by restricting the age of mothers to 40 years old and older, most first-borns in these families are older than 16 and thus do not enter the sample.
The next two tables, Tables 6 and 7 , present the estimation results of two more models in an attempt to capture the effect of age difference. In the first estimation, we include the two age difference variables and drop the first-and last-born child indicators. In the second we include the average spacing among children in a family. We do the first estimation without first-and last-born indicator variables as there is, by construction, a direct correlation with the age difference variables. In both cases we present the results using the full sample, but results that are consistent with those presented in Tables 2 through 4 were obtained as well and are available upon request. Table 6 presents the coefficient estimates for the model with only the age difference variables. Here, the age difference with the first-born child is significant for males but not for females in the work equation. The age difference with the last-born child is positive and significant for the male work equation and negative and significant for the male and female school equations. This means that for male children, the greater the age difference with the last-born, the more likely to work he is. Also, the greater the age difference with the lastborn the less likely to go to school he is. For females, the greater the age difference with the last-born, the less likely to go to school she is. Both of these results are consistent with the results in Table 2 . The rest of the results are similar to those in Table 2 as well.
In order to estimate birth order effects while taking into account the average time between sibling births, one last model is estimated. In this case the unrestricted sample is used, and both the birth order indicator variables are included, along with a variable, average spacing, that is the average number of interval years among siblings. For instance, a family with three children aged 9, 11, and 13 years old would have the average spacing variable equal to 2 years. This variable is included as an attempt to control for age difference as distinct from birth order. The results are presented in Table 7 . The average spacing variable is not significant in any equation. More importantly, including the average spacing variable does not change the qualitative results presented in Table 2 : first-born children are less likely to attend school and male last-born children are less likely to work.
We also estimated a model where the two age difference variables and the first-and last-born variables are included. However, due to the way the variables are constructed we cannot interpret the coefficients using the ceteris paribus assumption. Evaluating these results involves obtaining the predicted probability for representative children. We refer the reader to the appendix for a discussion of the methodology and the results of this examination.
V. Conclusion
The one result that is robust throughout is that male last-born children are less likely to work than their first-and middle-born siblings. This is consistent with the model of birth order and child labor where, ceteris paribus, older children are sent to the labor market because they can command higher wages and younger children, who cannot command as high wages, are sent to school. This is true, apparently, even though earlier born children tend to have higher genetic endowments. This explanation is consistent with the complementary results that, in the first two regressions, male children who are first-borns are less likely to attend school.
As for female children, it appears that females who are first-borns are less likely to attend school and no more or less likely to work than their middle-or last-born siblings.
This result is consistent with the explanation given above, and also with the common practice in Brazil, as in other developing countries, of keeping the oldest female children out of school and, instead, assisting the mother with housework and childcare (which is not considered working in the labor force in the PNAD).
These results suggest that there may be fundamental differences in the effects of birth order on children's outcomes depending on whether widespread child labor exists in a country, or at least if a family is forced to send one or more children to the labor market.
Thus it may be reasonable to expect that the effects of birth order have an opposite effect on children in the developed world than on children from developing countries, especially those from poorer households. Table A1 presents the basic statistics of the variables used. Table A2 presents the coefficient estimates of the regression where both the birth order indicator variables and the age difference variables are included. At first glance it may seem that some of these results are inconsistent with the results presented above, however we can no longer interpret the coefficients on the birth order indicator variables and the age difference variables in isolation.
Due to the way the variables are constructed, the ceteris paribus assumption does not hold.
For instance, a first-born child will always have a zero value for the age difference with respect to the oldest whereas a non-first-born child will always have strictly positive values.
So, in order to interpret these results we obtained a series of predicted probabilities for two representative families: one with only sons and one with only daughters. In both cases the families are white, urban, have three children, and the mother and father are both 40 and have 5 years of schooling. We then varied the age difference between the first-born and last-born from 3 to 15 years in three-year increments. In Figures 1 through 4 we plot the predicted probabilities of working and attending school for fist and last-born children, first for the family with only sons (Figure 1 and 2) and next for family with only daughters (Figure 3 and   4 ). Both sets of charts reveal the same basic pattern: that there appears to be no real birth order effect when age difference is 3 years, but there appears to be a large a birth order effect for age differences of 6 years or more, and that the effect increases with age difference.
These results are consistent with our model. As for the direction of the effect of birth order, it is as expected: first-borns are more likely to work and less likely to attend school than are last-borns. Note: ** Statistically significant at 1% level. * Statistically significant at 5% level.
White's heteroskedastic consistent errors used in all regressions. Note: ** Statistically significant at 1% level. * Statistically significant at 5% level.
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